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1 

1. 

1.1 

1.2 

SCOPE 

. - This sgecificertion 
or the Propellant Sytptwm an 

(PS/'PCA) to  be umd on the bl 
System of the Lunar Excur 
Spwecraft 

1 
9 

Classification. - The Propellant System and ThntraL 
Chamber Assemblies a8 shown schematically i n  Figure X 
shall consist of: 

Sixteen (16) radiation cooled thrust chanber clc~ab 
blies. 
chamber with fuel and oxidlioer sohnoia valve@ 
(thrust e h m b r  v8lvepI) . 
bl ies  are grougedl i n  clusters of" four and externally 

Each assembly shall coneist of &a .Wrrurt 

%tirust c h a r  a8w- 

raarnted ~n the l B 4  Which .  
1 

Propellant control compmnts, including; fill a d  
vent disconnect cuuplinge, burst discs, filters, 
en& solenoid ehutof'f valvae. 

r and two f u e l  tank0 with 
expulsion bladaers . 

EJOTE: All gFagsllmnt l ims  external t o  c 
packages an apeclfiea i n  S 
mawing Lsc-310-100 (Figure 6 )  viring kEMlboe 
and crossfeed valvee w i l l  be provided by 
Gnumaan. 

.IIc 



2. APPLICABLE DCXXJMBm 

2.1 General. - Thk? folluwln 
14, 1963 farm a 

t o  the extent speciJied herein: 
ificrblrtion only 

SPECIEprCATIONS 

Militcuy 

MILSTD-202 

Orunman D o c w n t e  

ISP-14-2 

Identification Marking of U.8 ,  
MlUtasy Property Intenrurl slrra 

Test b t h d s  for Elaotronie and 
Electrical Cmpormnt Parte 

Electrical. Power, Aircraft, 
t er l s t i c s  and Urn 09 

Environarental %st Methode far 
Aerospace ard G r d  Equi  

Electromagnetic Interference, 
General Spoclflcatlon far 



(Continued) 

m-310- 100 cif ication Cantsol Draw&ng 

. - When the p, 
this spwification an9, I fiaatione, are In 
confl%ct, the forlawing 

. e Copies crf this spsrcificatlon 
nts  refemnceb herein 

obtained upon request f r o m  LEM Program Data Maria 
Grcllsraan Aircraft Engineering Corpomtian, bthpage, Long 
Ieland, New Yark, Attention: Spci f icat ions  G r o u p .  

11 drawing$ and othar 
icatlon shal l  be sub 

Dsvia*ionso - 
and any? aP;rglicable subs9di 
aset the foUowing shall apply: 

(a) 

n the requllleIlle?ntcs of this 0pcl f icat ioq 
specifications caanot he 

Ileviaticma shal l  be noted i n  the mados8s proposal 
documents an8 broughe to the atten%ion ai' Onumsn. 

(b) &viatioris shal l  require appkwal by 
Engineering prior t o  incorporation in to  srny cow 
ponent 



3.2.2 

3.1-3 

3.2 

3.2.1 

3.2.1.1 

3.2.1.2 

3.2.1.3 

3.2.1.4 

(Continued) 

(e)  Parts  containing unauthorfleea deviation$ shall be, 
subject t o  re3ection. 

M0Ck-q. - A fill scale 
shall be provided far a mbly -at G~=uxran .  Ue n t s  
OT actual corqponent h 
sib3.e. 
changes ' t h r ~ a \ a t  the contract, unbss otherwim 
authorized by 

taf. moCk*Up of d l  c 

ger shall be used whe 
mck-ug &half be kept c u r e n t  w i t h  apgrowlcp 

Performance, - 
ra t ing,  - 

*%@niblies ( 
operate within the pzt-l'cmnance limits specified in the 
following paragraph8 during and after exgosure t o  t 
cambimd QnvironnEntal and losd conditlonre spe?cifbd 
i n  Tabk 11, 

P r m l l a n t  System a d  Thpust 
A) when presmrized per 3.4.4, 

Rat inq .  -  he: PS/TCA nominal vacuum ger~ormearce ratings 
ahal l  ba a8 defined i n  Tabk I. 

Repeatability. - Repeatability of thrust hvel end mininnrm 
impulss  b i t  far a given thrust  chamber and be 
indivi8ual thrust chambers comprising the (PS 
brb within the tohranees specified in Table I. 

Attitu&ea. - Tha (PS/TCA) n pressuritsti per 3.4.4 
shall start, operate as required and ahutdown In  m y  
at t i tude under the f l ight  maneuver loads a d  eortaitionr 
specified herein, and under zero gravity cod-itione. 

Ascent Intemonnect. - The PS/TCA ehall  met a l l  the 
requim$mntar of t h i s  
propellants frm the LFM Ascent Stage Propuleion Syntem. 
These propellantrs conform t o  the.requirewnts of para- 
graphs 3.4.1.1 and 3.4.1.2 and w i l l  be supplied at a 
temperatuse of 7OOF 2 30' and a nominal s t a t i c  pressure 

I 

cif icat ion when supplied With 

En#-279C 
EDP No. - 





3.2.2.4 ation sku ba 
required er9ter a nun- 
tb- environment conditione of Tab& XI, Part ( a ) ,  follow- 
ing acceptance tests, 

I 3.3 Deeign. - 
3*3*1 General. - me =/EA h a l l  be designed t o  meet the environ- 

m n t a l  and load c r i t e r i a  of Table If, i n  adM.tion t o  %he 
self generating loads incurred In meting the specified 
performance. Deeign load envelopes shal l  be established 
by Buperposition of rationally 8educad c r i t i c a l  lOaag for 
a11 ground and operational conditions and shallinc%uUe 
cumulative effects, as well as simlWneous loadinge, 

3.3.1.1 SeLfrst F a c t a .  - Factors of safety must be applied t 

of' the PS/TCA. 
+ bwIs of able If as well as t o  the self-generated 

Rational allowance sha l l  be made and incar- 
oads for stress concentrations, fatigue 
c response. For steady loads or 

imate factor of 
is 1.5. Far vibrat 

ves~els, when 
proof factor factor is 1.5. Far 
pressurized uni ts  8 
actuatore, the 

@af'ety is 1.5 except that when pressure effects are 
relieving, pressur@ shall not be used. 

f~ g OF DaA, is  le 

control valves and MI 

is 3.00. FOP c 

3.3.1.1.1 e - The PS/TCA a h d l  suffer 
sed t o  the input vibration 

For design, the 
environnrental condition on Table XI shal l  be multiplied 
by the appropriate factors specified i n  paragraph 3:3.1.1. 



The vibrr9*ionsl 
portion of th e 
of LO where not 
other derpign re l i f i ca t ion  factor  
is &fined as t 
tb i t e m  w%er teat d t v i b d  by thra d i sphcemnt  a€' the 
input bvlce.  'Ehis criteria shall be subatantfate8 

ment appears d i f f i c u l t  t o  wcoPmglieh, GPumman shall 
be consulted far itirection before proceeding w i t h  the 
&sign dr?vrrlqmnt. 

i f i ca t ion  facton. on eny 
all be l u t e d  t o  a msirnum 

latller ralue by 

of any point on 

during dewel n t  testing. I n  case@ where t h i s  reqUre- 

Dry weight. - 
(a) T b  vendor ahal l  endeavor t o  produce the lightest 

prac t ica l  Propellant System and Thruet Chmber 
Assemblies capable of me t ing  ths Tequiremnts Of' 
th ia  specification. 

fb) 

(c) 

 be egecification maximum dry weight s h a ~  IX 
a8 shown In  Table ZX. 

!&e vendor shall eatabllah and maintain a mi@% 
control program a8 outlined i n  the purchase d r  
t o  insure that  WM msxirmun weight i s  not exceeded. 

3.3.1.3 a - The veadm 
&allQtarnalne the centar of gravity locatibn a d  R t S  
of inertia of all ccnnponents and Bsmmbliee. 

3.3.1.4 0Mr~I. l  D i ~ ~ n a i m *  overall dimztnaiona of the P S M A  
c m n t s  s h a l l  not exceed the space envelope a8 epci f ied  
in Sgecification Control b w i n g  rsc-310-100 (Figure 6). 

Canfamination. - The = / E A  ahall be designed t o  operate 
and k t  a l l  the reguirewenta fl ' th is  specification with 
a contaminant l e v e l  that m y  result from the propellants 
af 3.4 and the environment encounbred during assembly, 
disamenbly and packaging for shipwnt.  

3.3.1.5 

En1-279C EDP Sheer No - 



3.3.1.6 Xnterckangeability. - The Pollaring c n t s  shall be 
dmiped  for physic functional interc  ab i l i t y  
( i n  accordance with def ini t ion of Seeti . 
( a )  'Phrust chamber assemblies 

(b) Thrust chermber cluster  assemblfias (4  thrust chamber 
asselriblieer ) 

- HEFE .. If above components are! connected by a 
brazing technique they are defined as 
replaceable i n  accordance with the def ini t ion 
of section 6. 

Coanppmnts. - 
Thmmt Chamber  Asmmblies. - Radiation cooled thrust  
chambers ehal l  be aslsemb-led i n  c lusters  of four (4) each 
e28 shown on Specification Control Drawing rSC-310-100a 
Each thrust  chamber shall include two separate, ncmnslly 
closed, solenoid actuated valves, one for the fuel and one 
for the oxidizer. 

Shielding and Insulation. - It shall be the vendor's XWAgOn8- 
i b i l f t y  t o  p r o v i h  shielding and thermal insirlation of the 
clusters  8s mounted on the UBl vehicle, t o  insure 
adequate thrust  chamber operation under tbe environments 
apcif ' ied i n  Table 11. 

Limi t ing  Zone Temperature. - !he thrust  chamber assembly 
ehall be designed t o  meet the performance requirements of 
th i s  specification with an increase i n  prapellant telagasrahme 
upstream of tk thrust chamber propellant valws as a 
result of' thrust  chamber operation or post-run heat soak- 
back. 

En#-27QC EDP Shcel No.- 
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3.3.2.2 

3.3,2.2.1 

3.3.2.2.2 

3 e 3  a2 e2 e3 

Pressure. 
assembly shal l  be capable of withstanding the proof 
pressure without y-ielding, leaking or malfunctioning 
and shall withstand the  ultimate pressure without structural 
failure. 

A t  the operating temperature, t h e  thrust chamber 

(a) 

(b) 

Design pressure to be etermined by vendor. 

Proof pressure t o  be determined by vendor. 

(c)  U l t i m a t e  pressure t o  be determined by vendor. 

Propellant Tankam. - The propellant system shal l  incorparab 
two oxidizer tanks and two fuel tanks conforming to Spcl f ica-  
t ion Control Drawing ISC-310-100. 
sehc ted  t o  provide maximum compatibility with ths specified 
propellants and h e l i u m  pressurant or mixtures thereof am3 
&all be subject t o  Gnmrmebn approval. 

Tank materials shal l  be 

Bladde r s .  - Bladders shall  be incorporated in  all 
propellant tanks for positive expulsion and sha l l  be cagable 

t o  + l o O q .  
taken into consideration. Bladder materials shall be selected 
f o r  m i n i m  permeerbtlity, and maximum compatibility with the 
specified propellants and he l ium pressurant or mixtures there- 
of and ahall be subject t o  Grunnnan approval. 

of 50 cycles through a propellant tempratwe of +409 
The effect of cold h e l i u m  pr@seurant ShRll be 

Mfferent ia l  Pressure. - The bladder and port dearign aha l l  

mEnt with mro pslg a t  the heliuiu inlet ,  nor 200 psig 
h e l i u m  pressure with zero psig a t  the propellant outlet '  
W i l l  cause expulsion devlce failure or damage. 

Capacity, - The t o t a l  usable capacity of the propellrrnt 
ranks shal l  be as specified i n  Table I. 

be mch that mi4bher 200 psig i n  the propellant c c 

Emansion Space. - The volume of the propellant comprtmnt 
with the bladder installed shal l  provide for the capacity 
as specified in  3.3.2.2.2 above, a t  a temperature of 65%' 
and 30 psig and an expansion space that permits a propelhnt 
temperature rise t o  1009 without opening the burst dim. 

* To be determined by vendor. 

Eng- 2 i B C  EDP Sheet No. - 
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10 

3.3.2.2.4 Pressure. - The naminal tank pressure shall be 181 .t 4 
psig. Each tank shall be designed f o r  a maximum eGc.t;ed 
operating pressure (MEKll?) of 250 psig a d  shall withstand 
propellant f i l l  preparation pressure of 28.0 inches of 
mercury a t  the propellant port w i t h  the h e l i u m  port 
vented. 

3.3 -2.2 Factor of Safetx. - The tank proof pressure shall be 
1.33 tims the MEOP. TiLe ultimate pressure shall be 
1.5 times the mop. 

3.3.2.2.6 EnduFm~e Cycling. - The tank s h a l l  be designed to wlth- 
B t d '  3 000 pressure cycles from zero t o  nominal tank 
presarure t o  zero. 

3.3.2.3 Propellant Section Control Components. - The propellant 
section control components types s h a l l  be as follows 
(See Figure 1) : 

(a) 

(b) Wurst disc assemblies 

( e )  Filters 

Propellant fill and vent disconnect couplings 

(d) Main From l l a n t  Shut- off valves ( solenoid-latching 
tm) 

(e) Thrust Chaber  Assexably Isolat ion valves (Bolenoid- 
latching type) 

Graund test points and instrumentation as required 
i n  3.3.4. 

( f )  

3-3.2.3.1 Rws~m,  - Each pressurized component shall be capable of 
withrtariding the proof pressure without yielding or leaking 
and shall withstand the ultimate pressure without structural 
failure, 

En(l-279C 
EDP S k t  No - 
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(Continued) 

(a) ~ r d  pressure 2.00 times the ~ O P .  

(b) Ultimate pressure 3.00 times the MWP. 

Pso-llmt L i n e s .  ... All propellant lines external t o  
component packages as specified in Sgeclficatibn Control 
Drawing ISC-3lO- lOO w i l l  be furnished by Gzx~~man.  Flow 
character is t ics  of these lines will be provided by GTunrman. 

Electr ical .  - 
Elec t r ica l  Power. - Electr ical  pauer w i l l  be supplied t o  
all coqonent s rmain p r o p  I l a R t  shut- off valve e, thrust 
chamber isolation valves, thrust  chamber c luster  
araseniblies) by Grumman. 

Voltaw. - A l l  components sha l l  meet the requirementa of 
t h i s  specification when operating within the voltage range 
of 24 t o  32 vol ts  d-c. 

Emerppncy Voltam. - All components shall be capeble of 
emergency operation with the voltage range of 20 t o  32 
Volts d-c . 
Power Requirements. - 

The total  e l e c t r i c a l  power input t o  each =in 
propellant shut-off valve shall  not excFed 

watts. * 
t o t a l  power input t o  each set of four (4 )  

thrust chamber isolat ion valves sha l l  not exceed 
3c w a t t s .  

The t o t a l  power input t o  each thrust  ch-r c luster  
assembly s h a l l  not exceed * w a t t s .  

T o  be supplied by the vendar 

Eng-279C EDP sheel No.- 
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(Continued) 

(a) The parer rcaqulrements for  
units shal l  be established 
util ization analyeis shall be %he 
vendor. This ana ie shall t& Ints  conrsi&ra- 
tfon power eon8ursption, re l iabi l i ty ,  migk-t;, design, 
performance and e h c t r  t i c  i n t e m m n w .  The 

sha l l  be submitted t o  Grlamaan for approval. 
agprmd  the power requirelrrzntrp ah11 becam a gart 
of this specification. 
WCardme with LVR-310-2, Satetion Ea 

A gower 

WldYeSf.8 along w i t h  co-hted Bolpm LSK-mlW 
Whkn 

Data shal l  be subtit%& La 

Electrical  Circuit Design. .. The e b c t r i c a l  circuit di~sign 
Including instrumentation shal l  meet the yerfarmname andt 
design requirenrents of th i s '  specificaMon. 

Ehctraanagnetic Interference. - N o  con@onent shal l  c a w  
electromagmtlc interference beyond the l imit8  rrpecified 
in Specification LSP-14-2. 

- A l l  e lectr ical  
a11 be Baeigmd io 

eervice and the environmental conditione ( I n  3.4 adl 
Table 11) of t h i s  specification. 

Dielectric Strength. - Electrical  cauponents axcluding 
instnuaentation shal l  withstand without e lec t r ica l  
breakdown a dielectric vo 
MIESTD-202, Method 301, e 
be specified i n  the indivi n t  epeeificetion. 

EDP S h n t  No. - 



3.3.3.2.4 Electrical m n t s  excluding 
in ta in  8. rai % . 8 O h t i O t l  

resistance i n  scu !l!5202, Method 302, 
fled in the Pndividual 

J*3*3*2*5 Ignltlon fpjpoof. - Eletctrfc nts including ins tm-  
nrantation OT operation of B a l l  not ignite m y  

(a) Provide accessibf l i ty  for inspection and mintenanee . 
(b) 

(e) Prev24nt c ing and provide protection when wires 

Minimize the gosa ib i l i ty  of damage. 

OT cables are routed, 

at ion of w i x e s  or cables Prom Unes 

(e) Minimize the ratiius of bend t o  t e n  (10) ti= the 
outside diameter of the cable or  wire.  

(f) Minimize excessive slack. 

( 8 )  Effectively eliminate electromagnetic interference 
t o  the limits specified i n  Specification 1Lsp-14-2. 

En# - 279C EDP S k i  No - 
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3 -3 03 * 3.J- 

3.3.3 .4 

3.3.3.4.1 

3.3.3.4.2.2 

(Continued) 

(h) Secure wires and cables when routed %hrough rtruc4aral 
lBBlllber8. 

(i) 

(3) 

h v e n t  mchanical s t r a in  that w o u l d  t%nd t o  breark 
the conductors and/or the conr+ctfone. 

Wires and cables shall be 8upported at suitabla 
intervale t o  prevent exceaeive movement under a l l  
vibration conditiona. 

Ebct r ica l  Connectlone. - WPring f r o a n  each cmq#mnt 6han 
p i g t a i l  from the component t o  a connector. 

Comporpe nt Connection. 
coaponent shall be welded, brazed or soldered. 

EleeLrical conmcCions within each 

PS/W.A Components and Cluster w i r e  Connections. - 
Main Pragellant Shut-Off V a l v e .  - Wires from the =in p- 
P l L a n t  shut-off V ~ = S  ~ h d l .  be pigt;aiZstd t o  a Zewh ob 

* feet. 
shall be egecified by Gx=uman a t  a later date.) 

(hngth  and end preparatim 

* - Wirer *om 
the conponenls contained within t h i a  u n i t  s h a l l  be brought 
out t o  two connectors. Wires associated with one hael and 
one oxidizer valve shall be brought out through one 
connector and wires associated w i t h  the remining f u e l  and 
oxidiwr valves shall  be brought out through' the eeeond 
connector ( this  is  a typical arrangelaent for a l l  four 
uni t s ) ;  
by Gnurrman at  a later date, 

Location and type of connectar sha l l  be specified 

-0 be supplied by the vendor 

Ens-279C' EDP Slue; No. - 
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3.3.3.4.2.3 

Wfms associate4 with 
iee shall be brought out 

me connectar an B asaociated w i t h  the 

(This is  
remaining two (2) thrust  chamber as mblies shall be 
brought out through the second eonmctor, 
a typical  arrangement for all four (4) clusters,  (Ref!. 
Figure 3 ) ) .  
speciffed by Gruman at a l a t e r  date. 

Location and t3rpe of connectar shall be 

W i r e s  a& Cables. "he w i r e  a d  cable uawea shall be 
sui table  fur continuous operation at  600 volts m6 
maximum at  the environments specified i n  Table 11. 

Instrumentation Wirine. - fnetrwmntation wiring shall 
be separate from the functional wiring and e h a l l b s  
specified by Gnumnan a t  a l a t e r  date. 

Them1 Design. - A prime consideration i n  the deelgn of 
a l l  electrical and e lec t r ica l ly  operated devices aha11 
be the thennal effect of a space vacuum on rated an8 
overload characteristice, of e l e c t r i c a l  &vices The 
vendar shall conduct an analysis of these characterietics.  

Instrumntation, - Instrumentation componente shall be 
provided subject t o  the approval of Grumman t o  monitor 
the performance of the e q u i p n t  during a l l  phatws of i t a  
*st and operation. The sensors and signal conditioning 
equipment selected f o r  each application shall. have an 
inherent m Uabi l i t y  
ing subsystem and aha 
capabili ty t o  perform the intended function i s  not degrade8 
by the environmental conditions t o  which they are subjected. 

ater than the meaaured and ms~sur- 
nsated leuch that the 

Excitation Voltage. - Excitation voltage, where required, 
s h a l l  be standardized t o  the valws specified by G3pwnman. 

Eng-2TSC 
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3.3.4 -2 

3-3 .44  

3.3.4.4 

3.301.4.1.2 

Enta t ion  t o  ba specified by * 

Anal- Channels, - Analog ick-offs ahaltl p.ovi8e either 
a 0-5 vol t  d-e (high lpIvaXy single ended output cw 8 
0-250 m volt d-a (iuw level) uaipobr, diPfamntib1. out- 
put. The outpt dance of both h m Z s  tshall; be 5000 
dhms or Irerss. 

(a) Binary "1" 3.5 t o  10 volt  &-e 

(b) Binary "0" 0 - + 0.5 volt  u-e 

Tfre 8ciurce impedance of all d ig i t a l  channels shall be 
5OOO ohms or less. 

Eng-27SC 
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3 e 3 . 4  e 4 . 1 . 3  

3.3.4.4 -1.4 

3.3.4.4.2 

3.3.4.4.2.1 

3.3.4.4.2.2 

Calibration, - VenBm 
and indicators a t  re 
traceable to the National 
t ion  procedures anti e 
be U r r d .  vendor &%hall 
calibration which am, c 
tachem a 

at any fe;llure shall no% C8Ubs 
t o  inteWace equilgrmant ur t o  
be no corugling M.twlben ths 

indicator and tekmettry channel wMch ooula m 
affm$is between the two, even i n  the event Oe, 

. - Tt.K Ops w i l l  be capable of aceeptixrg 
data. Digi ta l  output voltage l h ~ s l r  

(a) Binary "L" 3a5 to 10 V o l t  d-C 

(b) Binary "0" 0 4 0.3 V o l t  8-0 

The source impedance of a l l  aigltal channels shal l  be 
5000 ohms or less. 

Callbration. - Vendor shal l  calibrate al1frurtrumBntation 
at reasonable Intervals with @QUI 
National Bureau of Standarde. Calibration procedurrtr and 

nt %raceable to %he 

En#- 27BC EDP ShM No - 



ate: 

age : 

3.3.4.4.2.3 

3.3.4.4.2.4 

3.3.4 .4 .3 

3.3.4.4.3.1 

3.3.4.4.3.2 

3.3.4.4.3.3 

3.3.4.4.4 

3.3.5 

3.3.5.1 

( C ont inued ) 

equipmnt approved by Grumman shall be used. 
sumly provisions for i n - f l i @ t  calibration whieh am 
compatible with the IUEN cal ibrat ion rschemel 

Fail-safe Provisions. - V e n d o r  s h a l l  design instrumntation 
such t h a t  any failure shall not cause damage t o  t e lemet ry  
equipmmt, t o  interface equi nt ,  or t o  vendor egul 

G r o u  11. - The vendor sha l l  provide the pick-crg point 
k s d u c e r s  . 

Vandor sbl l  

Transducers. - The transducers shall provide an analog or 
d i g i t a l  output compatible with the appropriate IJEM signal 
conditioning e q u i m n t .  Whenever poeaibfs and datairable, 
standarc3 qualified transducers s h a l l  be wad. 

Calibration. - Vendor sha l l  c a l i b r a b  all transducers at 
reasonable intervals w i t h  equipmsnt traceable t o  tha 
National Bureau of Standards. 
e q u i p n t  approved by Grumman s h a l l  be u d .  
supply provltsions f o r  in-fl ight calibration which are 
compatible with LEM calibration scheme. 

Calibration grocadurasl end 
VencLor shall 

Fail-Safe Provisions. - Vendor s h a l l  select  transdueers 
such tha t  any failure shall not cause damage t o  vendor 
e guipment . 
Group IBd*- "he vendor sha l l  provide pick-up~points and 
environmental characterist ics f o r  a l l  measurexmnts . 
Control. - Thrust control s h a l l  be provided for i n  the 
following manner. 

Thrust Chamber V a l v e  Power CoiL. - Each thrust chunber 
valve shall incorporate a solenoid having a pmr coi l  
with the following character is t ics  at  ambient tezapara- 
tures (709 - + 150~): 

Ens-279C EDP sheec No - 



3 A .2 IMUxturc Ratio. - 
wslgbt shall be e8 specified in Terbb I,  

oxidizer t o  Are1 adxture r a t l o  $y 



It 

3 *4.3 

3.4.4 

3*b +tT 

3.4,6 

3.4.7 

3 .T 

315.1 

3.6 

9 - P r  nt aturs shall  be c i  
* 

a ber ied to  the jtnlst 
t at s m  d 181 Wisr 

+ k* 
-..) 

~ ' r k a r r t e .  ., Thsm shall be, no lubricants used. 

Rabiatlan E n v i r m n t .  - Char@.?& pasticla and srbctr 
ratio radiation arigimting f r a t h a  sun and other crcalsrtial 
sources,, shall be conSi&ered i n  the design of the PS/-. 
2 % ~  wcdor ahall notify G~-uuman of sny i t e m s  whleh raery be 
adversely affected. 
e n - m n t  will be provided where It is necessary to 
eWuatt$ o v a ~ l l  re llabllity . 

A btailrtd deecr%ptIon of thin 



$6.1 

3,6.1.1 

Gruup f 

(3raup IX 

Meelmilar Metale. 
In iatimnte contact unless suitably protected against 

D i s s i m i l a r  metals sha l l  not be used 

s h c t r o l y t i c  cmrosfon. 
any cambfnation of dissimilar metals, an apnlRa  Inter- 
p i n g  m a t e r i a l  cong3atibl.e t o  each as well a6 t he  
environment sh&1 be used. Some of t b  mom conmonly 
used blaarimilar E t a l a  are da4Pinrrd i n  ths folluwlng grdslae 

m m m  CIP mm 

Whgn it is necessary &J a88embl.e 

Altmxknm and its alloys including alumlnum alloys lietea 
i n  Graup I. 

Iron, Iead and Tin and their alloys (except s ta lnlsee steel) 

Cupper, etironium, nickel, (inconel), silver, go=, platinum, 
titsaim, cobalt and rhodium and their alloys; s ta ln les r  
rteele and graphite. 

(a) C a n t a c t  between a member 09 any one group and another 
member of the aa~oe group shall be coneibered aa similar, 
Cmtact between a member of one group and a mBmber of 
any other group shall be considerad as diasimilsr. 

Ew-27sC 
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Group I V  [Continued) 

Unless specif ical ly  approved by the procuring agpncy, 
a l l  other metals s h a l l  be considered disrslmilw wLth 
respect t o  each other and with respect t o  any of the 
reaterials listed above. 

The above grouping is  intended t o  serve as a guide 
i n  selecting materials, and shall not be c o n s t m d  
t o  waive other requirements of t h i s  specification 
pertaining t o  corrosion resistance of camapownts 
and as semblie B . 
Where reference is  made t o  a metal i n  a W t i c u l w  
group, the reference applies t o  the metal on the 
surface of the part; i .e . ,  gold mans gold wire, as 
we11 as  gold electroplate .  

Different mtals i n  contact, even though similar, 
shall be emplgred i n  assemblies i n  such manmr that 
the  smsller pest  is cathodic or protected and the 
larger part i s  anodic. 

Qualified standard parts and attaching hardware, 
which gu*e cadmium, silver or nickel plated, etc. ,  
may be used without additional protection provided 
the f in i sh  thereon, is acceptable t o  Gmumnan and 
aaequate protection against corrosion is afforded. 

3.6.1.1.1 Protection Against Electrolytic Corrosion. - where3 it is 
necessary tha t  any combination of dissimilar metals be 
assembled, the  following methods or canbinations of' 
arethods shall be empluyed f o r  the  al leviat ion of electro- 
l y t i c  corrosion, unless other design considerations 
preclude the emplqymnt of such methods. 

Eng-27% 
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3.6.1.1.~ (Continued) 

(a)  i t i o n  of a material c ib ls  t o  @arch t o  
elsctroLytir! gotenti  ffemneenr, sueh 
1 or s i lver  plate  on steel i n  contact with 

incorml. 

In-tcargosition of an i ne r t  material betwen the 
diearimilar netals t o  act as a chanical and insula$- 
lng brassier. 

(b) 

(c)  Design of dissimilar =tal  or similar metal aontacee, 
i n  order that  the area of the cathodic metal Is rca3.a- 
t l ve ly  smrller than the area of the a n d l c  metal, euch 
as screws, of" stainless  steel or nickel pWt& l ~ u e  
i n  the contact w i t h  aluminum. 

3.6.2 'pPocses~s. - A l l  processes, processing equipment and eert l -  
f loat ion m processing personnel shall be 6ubJect t o  GFuslrpan 
approval. 

3.6.2.1 Quality. - When non-govemmntal specifications are wed 
for processes which ma;y af'fect performance, r e l i a b i l i t y  
or durabi l i ty  of the PS/TCA such sgecificationa shall be 
approved by Gnmnnan. 
cations shall not cons$itute waiver of inspection. 

Workananship. - The workmanship and f in i sh  shall  be of 
suff ic ient ly  high grade t o  insure satisfactory operation, 
r e l i a b i l i t y  and durabili ty consistent with the service 
l i fe  and application of the =/EA. 

The use of non-gomrmwntal specifi- 

3.6.2.2 

3.6.2.3 Techniques. - Fuel and oxidizer passages i n  the thrust 
chamber assembly s h a l l  be separated by parent metal. 'phs 
injector  shall be deaigned arx% %he fabrication procesees 
shall be planned t o  prevent chips from remaining in the 
injector  passages. 
be minimized or eliminated completely t o  allow debuming 

Drill ing i n t o  hidden pass 



3.6.2.3 

3.6*3 

3.6.3.1 

3.6.3.2 

3.6e3.3 

3.6.4 

3 e 7  

3.7.1 

(Continued) 

ctar oPifices. bt& 
d t o  eliminate i Xing 1 

and oxidizer becauers of seal faflumr m weld detaricna- 
t ion.  

- Joints.  - Particular attention shall be paiU to the bhvelog. 
m n t  of high r e l i ab i l i t y ,  leak proof' mthot30 of jolning the 
f lu id  system lines t o  the PSfTCA ccarganente, 
configuration res t ra in ts  affecting the metthdl ab joining 
W i l l  be defined by G ~ u x m a r i .  
line attachment provisions on each cw9 the PS/TCA c 
is subject t o  specified Grm~oan approval. 

Inetalh+;fon 

Fina l  configwatian Crp the 
nta 

Special Tools. - No epecial too ls  shall be recessary for 
maintenance ana servicing of the PS/TCA. 

I ikn t i f ica t ion  of Pr&uct* - 
&stjembl-iee. - Permanent ser ia l izat ion of a l l  nrajor components 
ehall be accomplished during manufacture?. Xderrtificetlan of 
components shal l  be accolnpliehed with nsanrsplates or Other 
6Ultabk manr.  I n  cases where nameplates tiwe camplcyd, the 
following InformaLion shall be represented i n  accollaance 
with MIL-STD-l3O: 

En#- l ' l sC  
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3.741 (Continued) 

f t e m  lvlesDe 

Prime Cantractor Speeification No, 

Stock No. 

Contract No. 

Inspection Serial No. 

Manufacturer ' 8  M a m e  

Manufacturer s Serial No. 

u. s. 

307.2 Capomats. - Components shall be clearly marked 88 f011~~6: 

Serial No. 

Stock no, 

Manufacturer's Part No. 

Manufacturer's N m e  

Connections. - The rocket engine shall be permrrrrsntly markeQ 
t o  indicate a l l  connections sham on the inetallatiorr dmar 
ing for instrumentation, propellant and electrical connections. 

347.3 

3 A Reliability Requirements. - 
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4. 

4.1 General. - Thfs section of tha spci f icat lon ea%- 
blishes general test reqylFemcnts aab proc&Lm~ ta 
be follawed during the Pr 1Lant System end Thrrrst 
Chamber Assemblies (PS/!EA T test perwam, 
vendor may propose additional b a t s  t o  further in- 
crease the ef'fkctiveness of this progrm. Changes 

and G.nrmrllan study and developtent efforts .  
t e a t  program shall consist of the 2011- test 
categories: 

t o  specific test8 and test c o r & l t w  ws.11 emlve 
and be approved by Gnupaaaa a upon at- 

T&e 

(a) Developanent Tests I 
(b) Comrponent Qualification Teats 

( c )  System Design Verification Tests 

I (a) Accepta.nce Tests 

4.1.1 

I 

Reliability Assurance Test data shall be derived from 
results of t es t s  l i s ted  above. 

Witnessing of !l?ests. - G ~ w r m m  shall be advised when 
tests are t o  be conducted so that  a representative 
m q y  be designated t o  witness the tests. Waiver of 
this  rtequirexnent or  delegation of alternate authority 
shall be at Grunnnan's discretion. 

En~-27RC' 
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P I  te : 

28 Pap: 

4.1.2 Criteria for Rejection. - Cri’terh for rejection 
of tes t  specimrtn shall be state8 %n %he! tarst 
plran. In general, any degredrztiorr $a pwformmce 
beyond specified 1imi.ts shall be c&w~6 for re- 
ject ion. 

4.2 %st Facilit ies.  - 
4.2.1 - General. 9 Private or comercia1 t e a t  fgciUtAes 

may be used sv33Jec.t to  Grurrrma;n approval, 

4.2.2 

4.2.3 

EnviroaBlental Test f i c i l i t i e s .  - Tbe envirolm#ntal 
test facility or chamber shall be of a sufficient 
size an& v o l b  such that the item under test shall 
not interrfere with the generation and Eaintenance 
of the jwplred test condition. 

StandaJcd C O n d i t i O n S .  - !&?St8 Conducted a t h a t  
util izing special environments shall be conducLed 
under the following conditions: 

(a) ‘kqperature in the range from +lo% t o  
+11m 

(b) Relatlve Humidity: Loccll atmospheric 

( c )  Barometric Pressure: ~ o c a l  atraosmric 

EDP S k t I  NO. - 



tc : 

P a p  : 

Tolerances. - The tolerance on environmental 
test conditions shall be established by the 
vendor for each test such that the nanineJ, 
level insures meeting the min- required 
test conditions exce-& &s noted in 4.2.4.1.1. 

Specific Tolerances. - The tolerances on test 
conditions shall be as follows: 

( a 1 Vibration Amplitude - + 16 

(b) Vlbration Frequency - + e  

(e) aandam Vibration - The vlbr-n acceleration density 
applied t o  the test  item shal l  be Wlthb 2 2 db of 



4.2.4 .l.l (Continued) 

4.3 

4.3.1 

Test l?rocedms. .. Shock, vibraMdn and accehation.  

- Shock. c 

viding a Bawtooth 8hock load with a linear r%se 
ll + 1 lpillisecond8 and with a 1 f 1 milllsecc#18 
~ ~ e - t e e t  units shall be mounted iZ a manner i&nticel t 
its narmal mounting configuration. 
shock Input shall be accomplished at  the mnmtlng Interface 
of the test unit. The test shall  be conducted under standard 
codlt ions.  

apparatus shall be used which I s  amble ob pra- 

The gieasuzwaent of 

Eng-27BC 
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4.3.2 Vibration. - 

ecxmM.nate axes, 

instrvmenta 
decaign changes 

detemlnati 
fixture Fesonances, it 
t ion emgy t o  the test unit prior t o  the actual test, In 
such cases the m - g  value ehaU be kept t o  a rninhan rprsd 
i n  any event eball no2, exceed 5046 of‘ tha t  mquired d.tPring 
the actual t e a t .  All vl tests w i l l  be coducted 
under both high 
vibration requi 

ture w h i l e  un&ergoitag the 

4.3.2.1 V i m t l O n  F i x t W s .  - “i%Z fixtures holding btlt 
on %be shaker b b d  shall be c h! of trsnemitting the! 
abrstiCXk6 B p e C i f i e d  h e r e b e  shall be a &sign ob3sctive 
%hat these fixtures are free of resonancers within the b e t  
frequencies. I n  any event, t f’reqwncies of fixbre8 
ccmpensate8 for test a clme shall be ab- 750 cps. 
! P h  transverse motion r cros 
by these fixtures shall not exceedt the vibration 
sgeciiied herein, l?he requimmente, outlined 
be verified by a sinusoidal vibration t e s t  sweep using a 
dummy specimen of proper mss. 
be monitared with tri-axial accelermtolrs .  

n any dinectiort pr&uced 

The vibration input shall 

4.3.2.2 Sinuaoidal Vibration. - The vibration input l eve ls  shall 
be llreasured at ar near each t e s t  mi% mounting locat&on. 
Whetmver mare than faur mounting locations exirrt, only 
f a r  points need be monitored. ,Any acceleromter 
fastened at one t3 the mounting locatiom can be used 
as the servo control input provided that: 

Ens- 279C 
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4.3.2.4 Caarbined Sinusoidal and Randam Vibration. - A eirmsoidal 
levels shall be 
.2. T)trsn ths 

vibration bvel for nn input shall bcr equalid i n  
accordance with 4.3.2.3- The actual tes t  shall now Ibe 
cmdwled by 
f'ull level ra itations. The averall test level 
a r h m r l l  be rec 

osing fill law1 sinusoidal onto 

ins - 27SC 
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I F  

4.3.2.5 

4.323 

lshsJtl be 09 rswh size that the gpadienO ac 
i t e m  shall not 
SrCceLeration t 
&all be run at standard conditions. 

afar than + 15 percent of 
the c .g .  c;i; tb teat i b m .  

b.4.1 hvelopment Teste. - Development tests are thorre testa con- 
ductad far the purpose of providing data for uee in the 
&Si@ O r  to s u m  the &S crf' a &yglE?cific c &, 
section or subsystem. Devel nt t e e s  may 'be to  
btqnnlne operating charaehristi Unrper dY4rrFgn 
e d i t i o n s .  Test-to-failure type VffrogllllBrrt ta&a ban 
provide failure mode and weak 11 
verification of analyes an8 deterxuinatfs 
lnarginrp. The vendor shall prepare a diem 
ls for approval by Gnatman. Grummn 

haractsristics for 

&gbt t Q  r??@&s6! tional *vel tests CUI h m d  
mCe8rsasly. I)eVe nt tests sha l&:. 

(a) ~ o q p l r e r r t  Development Tests 

(b) System Development Tests 

4.4.1.1 . - C-lreIlt dievelaparent t4Stf.3 
shall include a l l  tests conducted far the O f  
ccarq?ollcnt and subassembly design iand material mhction, 
the investigation of component and subas8emEbI.y p#r fannaW~ 



4,k.r.z 
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Oxidisr fill vent dfscollBact B 

1 

Oxidimr Tank 

wxrst disc 

F l l t e r  

Blain -1 shut-off valve 

Main oxidizer shut-off valve 

hvel T.C.A. isolation valve 

Oxidizer T.C .A. isolation Wve 

Thnist chmber assembly 

Iastnmr?n.ta;tion "mm&ucen, 

F-1 mi3 Oxfaiicer, c 
exception Or qpc ia  ib i l i ty  pfmdsion~, nvsy receive 
a coaabirred qualification test subject t o  Graman a p p m l .  

reference6 to PS/EA coaponents for Qwliiicrrtion Teats 
hereon includes all pasrtrr lti~tbd in  i t e m  (a) through 

. II A l l  = / E A  caqponents 

aytproved h w l n g s  and speeif ieatfons bef are qwrlification 
testing 1s begun. Deviations f r o a n  the &swings and speci- 
fications shall be apgroved by Gnmrman. Defective parts 
shall  not be used on any IEIS/TCA comporrent eubjected to 
qualification t e s t a  

nts, that ea?e Pbbntical w i t h  the 

(1) 

4.4.2 . X . 1  
cosnpuance xith tb 



PO 

4.4.2.1.2 
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4.4.2.2.1 (eontinma) 

(f) sand end 

(h) Fungus 

(1) Explosion 

4 .4 ,2.2.2 Fluid Ccmxpa%abillty. - !l!b effects on components of the 
chemical action of the propellants within the spaciifcatlcm 

tun l imi t s  of the prapellaats sa well 811 tha effect8 
ng with propellants drying In air, contact with 

VBQOTB, CIF the wmst cambination tfrered, shall be deter- 
ndned,. & acceptance criteria shall be grogoeed i n  t b  
t e s t  plan. The test conditions shall simulate aa c l o e s ~  
as practicable those encountered i n  the actual 
This b e t  ehall include aging af each coapownt vfth the 
fluid with which it is t o  be used, f o r  a period of ampaxi- 
arertsly (30)  days, and the last seven days under pre sauce 
which th component will be subqjected to a normal ~ s s l o n  
operation. 
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4.4.2.2.5 

4.4 -2.2.6 

4.4.2.2.7 

4.1) .2 ,,2.0 

4.4.2.2.9 

4 04.2 02.10 

, 4.4.2.2.11 

ied 

* - & l e  far 
starting at -TO dlffenentfa; 

ultipate ~ress,ure. - AU carpanente shall IS tasted at  'the 
ulthmte puleretule specified i n  Section 3. 

weight. - ,AU P S ~ A  components shall b~ ue 

EDP shrec No - Eng-17SC 
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4..4.3 

4.4.3.1 

4.4.3.1.1 

4i43.1.2 

4.4.3.1.3 

. -  
General. - Design verification tests are advanced stage 
development tests which are performed t o  demonatrate the 
proper perfomance and operating chsjracteristics of the 
prototype design. Design verification hot firing hs t s  
w i l l  be conducted on complete PS/IICS's at sea level, 
and on thrust cha,uiber assembly clusters under aiml.ated 
alt i tude conditions. 

Selection of Test L i m i t s .  - Mess otherwise specified 
for a particular test, the test limits for the design 
verification t e s t s  shal l  be as shuwn i n  Table VI. 

Pests Failure and Replacement. - Maintenance, adJust;lment, 
or replacement of parts sha l l  not be permitted, during 
design verification testing except when approved by 
Gmumnan. 
part or one of different material unless Gxwmim,n authorizes 
the installation of a new part of original design. 

The replacement part shaU be a redesigned 

Inspection After Tests. .. After coqlet ion of tests, 
calibrations s h a l l  be made of all controls and contrOl 
components pr ior  t o  disassembly. These calibration8 
shall demonstrate tha t  the components are within the  
design tolerance range required. The test articles shall 
then be completely disassembled. VisuaJ. examhation 
rrreasurements of all p a r t s  s h a l l  be d e .  
photographs s h a l l  be taken of all excessively worn, 
distorted or weakened parts. 

Where prplCticable, 



b .b .3.2.2 Data RequlmmmttP. - The test system shal l  be instru- 
laentesd t o  prwidg a contimow record of the following 

Prcrpellant f w d  pressures t o  esch thrust chmber 
assembly 

r 
fuel tank pressures. 

prim pSSUne-~&ato r  discharm PSBW. 

pressurltation source pressure and temperature. 
dlzer and fuel f l a w  rates f o r  each th rus t  chaniber. 

Cusrent/volt 
'Phntst chmber injection and propellant temperatures. 
l k r m t r i c  pressure, 
&her, as mquima t o  demonstrate performance. 

- NOTE: 

for each thrust  chanhr, valve. 

Thrust values w l l l  be measured indirectly 
with the thrust coefficient characteristics 
determined f r o m  individual thrust chamber 
assembly tests. 

Using tkae above masured values, the vendor shall b r i m  
.the thrust coefficient characteritica &termin& from 
individual thrust chamber assembly tests 

En#- 279C 
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4.4.3.2.2.1 M&* m following c 
&rived for the first five! pubes, 
an8 the final.  of each thrust 
f i r i n g  series. 

f i c  impulse per palae. 
r a t i o  per pulse. 

$8- per pulse. 

(f) T o t a l  impulrscs "ti= centroid" of each pulse 
(h) Other, as required t o  demonatrate perfmW. 

TLre following character is t ics  s h a l l  be &rivet3 f r o m  a 
caxpilation of t h e  first, middle, and f i n a l  pulses of 
all applicable thrust chamber assembly test aerie8 
employed i n  FS/TCA verif icat ion testing. 

Average specific impulse per pulse vs. pulse width. 
Total impulse per pulse vs. pulse width and off-time. 
A v e r a g e  chamber pressure per pulse vs. pulm width. 
A v e r a g e  th rus t  per pulse vs. pulse width. 
'PhrU(St pulse w i d t h  vs. electrical pulse width and 
-ware ternrature. 
Average mixture r a t i o  per pulse vs. pulse width. 
Amrage characterist ic velocity per p u l e  vs. pulse 
Width a 

Maximum soak-back temperatm vs. pulse width and 
off-time . 
Other, as requimd t o  demonstrate perf'ormce. 

4.4.3.2.2.2 Steady State Mode. - "be following operational 
character is t ics  based on the first point, mid point, 
and f i n a l  point of each thrust  chamber steady state 
run shall be derived: 

(a) Total impulse of run. 
b) Mixture r a t i o .  
c )  Specific impulse. 

(a) Thrust. 
(e) O t h e r ,  as required t o  denonstrate perfanaanee. 



4.4.3.2.3 P S h A  Tests. - W PS/TCS Shd.1 be ~ub3ected to tbe? 
below l i s t e d  tests which are detailed i n  the rsucoeeding; 
paJPagraphs of t h i s  sp2cifieation. 
employed and order of tests s h a l l  be epeciflsd In the 
detailed test glw. 
the us! of the pawer and e 
chamber soleno%& valves t-o 
life character is t ics  of each co i l .  

m m b r  of systelaar 

Tbe detailed test plan shsU define 
y Coil8 O f  tk? fbrust 

nstmte operational and 

- The PS/n;lA s h a l l  be tested for 
s t a t t c  leakage s tar t ing at zero d i f fe ren t ia l  p r e a m  
a& increwing at  a rate consistent with normal u&e 
t o  the MEOP. 

Vibration - The PS/TCA shall be subgected t o  the 
vibration inputs specified i n  Table V I ,  using the 
proceiture of 4.3.2. 

- Shock - The PS/TeA shall be subjected t o  the shack 
loads specified i n  Table VX. 
mounted and the shock loads shall be applied In 
accordance with 4.3.1. 

!be PS/WA shall be 

Fixed !h=ust - Two runs of test series nwnbes 10 
of Table V s h a l l  be conducted at  ambient temperature.  

Ung- 27Sc 
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4.4 -3 2.3 (Corrtinmd) 

(a) A t t i t d e  - T e s t  series number 9 of Tab 
conducted a t  rature for  each of the 
following attitudes z 

+ 45' about z a x i s  [ z j  -, 45: about z ax%$ 
(5) + 45 about y md z a i s  

(7) - 450 about y and p. erxier 
( 8 )  - 45' about y axis, -+ 45' abm% z ax%@ 

(6) + 45' sibout y a is ,  - k5O z aX&S 

- The thrus t  cha ibr  clue%fw$ shall 
be conditioned t o  the zmxhnmi tezqxwature resuhting 
from ea lcubt ions  employPng Gn;unaaan supplied *Mcf& 
emissivities, v i e w  f sc ta rs  and tixm durations ia the 
temperature-view environments apac i fhd  i n  !hbh f ld .  
PS 

and conponents. 
accord&nce w i t h  test series number I2 of Table V. 
The thrust chamber propellant valmes shall t b n  be 
a l l w e d  t o  reach maximum tengierature after shutdown, 
a t  which ti- the PS/TCA she l l  be run i n  accordance 
With test series number 13 of Table V. 

( f 

l l an t s  s h a l l  be conditions& t o  within -O%, to 
+5 F of the values specified i n  Tabla 11 udbr tanks 

!!%e B/WA shall thhn be rwn i n  

( g) - The thrust  chamber c lusters  shall 
be conditioned t o  t h e  minimum tenrrperature result ing 
from calculations employing Grumman sqpl ied vehicle 
edesivities, v i e w  factors,  and t i m e  durstions i n  
the temperature-view e n v i r o m n t s  specified i n  T a b b  

l l a n t s  shall be conditioned t o  within 
-5% t o  PrapgF +O at' the values specified i n  Table I I d  
Mer  tanks and components. The = / E A  shall then 
be run i n  accordance with test series nwmber 10 of 
Table V. 

Eng-Z?#C EDP Sheer No - 



4.4.3.2.3 (Continued) 

E l e c t r v  e t i c  Interference - The PS/TCA shall be 
subjected t o  electromagnetic interference tests 
as specified i n  the detailed test plan. 

Decontamination and Storage - With the PS/TCA i n  the 
normal launch attitude the liquid s y s t e m  s h a l l  be 
completely f i l l ed  with propellants then  drained, 
flushed, and decontarrclnated employing p r o c e d e  s 
developed f o r  launch and f ie ld  operations. 
s y s t e m  shall then be removed f o r  30 days storage. 
Following storage, the system shall be run a t  
aabient temperature i n  accordance with test series 
number 10 of Table V. 

Tbe 

Weight - Each PS/TCA shall be weighed dry.  

Variable Voltage - Part of t h e  t o t a l  cycles specified 
i n  test series 1 thru 6 of Table V shall be coducted 
a t  the extremes and intermediate levels of the 
voltage tolerances established far the thrus t  chamber 
f o r  the thrust chamber solenoid valves. 

(1) lo$ of the t o t a l  number of cycles s h a l l  be a t  

1 6  of the tubal number of cycles sha l l  be a t  
dnimum voltage. 

maxirmun voltage. 

(2) 

(3)  
, 

1 6  of the t o t a l  number of cycles SMII be at 
in te rmdia te  v o l t a e s  differ ing from nominal. 

Malf'unction - The type and order of these tests, 
based on the malfunction analyses required by 
3.2.1.5 s h a l l  be proposed i n  the  test plan. 
pXiance with 3.2.1.5 Shall  be demonstrated after 
occurrence of a l l  of the events proposed i n  the 
t e s t  plan during e i ther  transient or stabilized 
operation of the PS/TCA. 
of the malfunction combinations analyzed shall 
be investigated by test. 

(!om= 

A representative number 
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4.4.3.2.3 (Continued) 

(m: ) Durability - Test se r ies  number 11 of Table V shall 
be performed t o  demonstrate PS/TCA performance for  
the required thrust  chamber continuous run l i f e  
requirement. Following th i s  tes t  series the sams 
thrust  chamber assemblies sha l l  be fired i n  pulse 
mode operation as  follows: 

(1) 

(2) 

Pulse a t  25 cps for 400 seconds with &n 
e l e c t r i c a l  pulse width of .O25 secondfa, 

Pulse a t  .25 cps with a pulse yielding the 
minimum impulse b i t  of Table I, The dura- 
t i on  a t  .25 cps s h a l l  be suff ic ient  t o  
accumulate 500 seconds of pulse mode f i r i n g  
time with the inclusion of the t i m e  accumu- 
la ted a t  25 cps. 

The remaining t e s t s  of' Table V s h a l l  be performed 
t o  demonstrate s a t i s f a c t o ~ ,  s t a r t s  'and shutdowns 
and t o  gain r e l i a b i l i t y  data, The tests s h a l l  * 

consist of: test s e r i e s  Number 7 and 8, and 350 
cycles of test series 1 through 6. I n  addition, 
test se r i e s  number 10 shall be run 7 times and 
test  series Number 9 s h a l l  be mm twice. 

Additional Tests - Additional tests, for the purpose 
of tes t ing  special features  of the PS/TCA and pro- 
pe l lan ts  may be required by Grumman. I n  general, 
these tests w i l l  u t i l i z e  the run8 previously men- 
tioned and w i l l  not increase the t o t a l  running time 
accumulated during the ver i f icat ion t e s t ,  

(n ) 

4.4,3.3 Cluster Design Verification. 3 Cluster &,sign ver i f icat ion 
tests supplement the PS/TCA tests. 
the design considerations attendant- t o  the thermal e f f ec t s  
of clustering the high area r a t i o  nozzles. 

Cluster t e s t s  verify 

Hot f P r i n g  
I tests w i l l  be conducted a t  a suff ic ient ly  low ambient 

pressure to: I 
1 

I (a) Insure f u l l y  flowing nozzhs ,  
/ 
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4.43 .3  (Continued) 

(b) To acthieve sufficient plum expansion and negligible, 
convection cooling to verify pper operation 
during space flight 

4.4.3.361 General. Cluster design veriflcatian t e s t e  are conducted 
on an assembly consisting of a cluster mount and four 
thrust  chamber assemblies. 
qualified desi&, bu.t within t h i s  constraint, previously 
used development and qualification t e s t  hardware w y  be 
employed, The propellant feed aysteln need not employ 
bladders or p r o t o t y p  COITIponents, but shall provide feed 
pressure and transien2, responses whiCh are consistent 
with a prototype feed system. 
skin structure shall. be mounted t o  simulate cluster 
placewnt on the vehicle. 

Each component shall be of 

A section of GEM vehiela 

4 .b.Q .3.2 Data Requirements w X n s t m n t a t i o n  shal l  be 2mphwnted 
t o  provide . a ccrntinuoue record of the following valuest 

Propellant feed pressures 

Chamber gre B S ~  s 

Oxidizer and fuel flow raPR to each thrust chamber 

Cmnt /vo l t ags  t o  each thrust chamber varlve 

Thrust chamber assembly, valve and skin temperatma 

Ambient pressure 

IEM ekin temperatures 

LlEM akin heat flus' 

O t h e r  a8 required t o  ~ m n a t r a % e ~ ~ ~ , o r m a n C e s  

. . .  
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(Continued) 

Using the above measured values, the vendor s h a l l  comgib 
and derive sll data Wrtinent t o  correcting PS/TCA opera- 
t i ona l  character is t ics  f o r  the e f f ec t s  of the added 
thermal environment induced by f u l l  nozzh flcrws. 

Cluster Tests. - The vendor sha l l  provide a &tai led  test 
plan t o  be approved by Grurmnain pr ior  t o  the ' i n i t i a t i o n  
of c lus te r  design ver i f icat ion tes t ing,  Test plan shall 
include the mount hardware emplayijd and the sequence of 
c lus t e r  testa,  The tests shall include but not ba limited 
t o  the following: 

Correction Data. c The test plan ahal l  include provisions 
for producing correction data for application t o  PS/TCA 
&sign verif icat ion tests .  The purpose of the correction 
data is t o  compensate environment induced by fully fluwing 
nozzles and rzxhaust plum. 

Simulated Missions, 
be ut i l ized  t o  develop a t e s t  plan t o  tes t  for  the worst 

!RE mission phases of Table XI1 shall 

duty cycles imposed on & cluster during the missionL The 
& e t  plan shall include buf not be United in the following 
operational conditions (within design tolerances) during 
sbuhted mission tests! 

fa) ~ i g h  mixture ratla 

Endurance !Ceskts. * 'phis .test plan shall i n c l u b  tests t o  
demonstrate the life requiremnts specified in Table I, 
Endurance tests shal l  include ambined operating charac- 
teristica of high mixture ratio, high chamber pressure,!' 
an& high ~ ~ r ~ t u r t s  view-environment;. . 

Maximum Heat Soak-Back, - Inaluded i n  tha t e a t  plan shall 
bs tesCe under the most adverse duty cyche t o  a t t a i n  the 
higheat thrust chamber valve temperatures 
tinuing steady state an8 pulse mode teste. 

t o  con- 
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Acceptance Tests. - Acceptance t e s t s  are t e s t s  conducted 
on PS/TCA's and coqponents t o  show that  the equipment is 
representative of, and the performance is  equivalent to, 
the equipment used in  design verification and qualifica- 
t ion tes ts .  All PS/TCA's and qualification tests, and 
a l l  PS/TCA's delivered under th i s  purchase order shall 
be subjected t o  acceptance tes t s .  

General.- The PS/TCA components, t e s t  apparatus and the 
material entering into the manufacture of ar t ic les  for 
f'ulfillment of the LVR-310-2 sha l l  be subject t o  inspec- 
t ion by authorized Grwnman inspectors. 
times p r io r  t o  the t e s t s  and a f t e r  the tes ts ,  the PS/TCA 
and components sha l l  be examined t o  determine compliance 
with a l l  requirements of LVR-310-2 and specifications. 
During the progress of tes ts ,  examinations may be made at 
the option o f  Gxumman. 
c raf t  shal l  conkin a component or element which has been 
subjected-to more than three acceptance t e s t  programs, 
nor shall an item be used which 'has been subjected to 
environments of aa intensity higher than acceptance test 
levels. 
as sembled. 

A t  convenient 

No item for use on f l igh t  space- 

Acceptance tested components shal l  not be dia- 

Enp-NOC EDP Sheet No. - 



4.4 '4.2 T e s t  F a c i l i t i e s  and Procedures. 31 The acceptance test  
procedwe f o r  the PS/TCA and each component shall  be 
supplied by the vendor f o r  Grumman approval, 
chamber f i r i ngs  are t o  be conducted under simulated 
a l t i tude  conditions. 

A l l  thrust  

4.4 44.3 Insgections and Tests. - 
4.4.4.3.1 PS/TCA Inspection &fore Acceptance Tests. - Each PS/TCA 

s h a l l  be completely assembled i n  accordance with the 
Grumrnan approved drawings, then visually and dimnsional ly  
inspected before commencing t e s t s ,  

4.4.4.3.2 PS/TCA and Component Tests. - Each PS/TCA and component 
assembled for the inspection specified above s h a l l  be 
subjected t o  the following tes ta :  

Weight 
weighed wnd recorded. 

The dry PS/TCA and components shall be 

. 
S t a t i c  L e d m a  S t a t i c  hakage tests shall be 
made on each PS/TCA and component according t o  
the acceptance t e s t  plans. 

Functional Tests - A l l  PS/TCA and components shall 
undergo functional t e s t s  t o  insure proper operation, 

Calibration r* The PS/TCA shall be operated fa- 8 
duration and a t  thrust  levels  suf f ic ien t  t o  demon- 
strate compliance with perf'ormance rat ings sgecif iad. 
The a t t i tude  of the PS/TCA and the  sequence of its 
operation shall be as specified i n  the tes t  plan. . 

PS/TCA Component Tests - A l l  components of the 
PS/TCA s h a l l  be functionally checked under the 
operating conditions of Table VI and i n  accordance 
w i t h  the test plan. ' 

Proof Pressure - All =/%A components shall be 
tes ted a t  the proof pressure specified i n  Section 
3. 
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4,4 &2 

4.4.rc.3.3 

tc': 4 .t .3.4 

4.4.4.3.5 
1 

t A.4.3.6 

(Continued) 

(g) Firing Tests - O n e  programmed run as specified i n  
the approved test plan shall  be made on the thrust 
chamber assembly. 

(h) Additional Tests - Additional tests, f o r  the purpose 
of tes t ing  special  features of the PS/TCA and 
propellants, may be required by Grumman. 
tests shall  be outlined i n  the tes t  plan and shall 
not, i n  general, increase the t o t a l  running tin= 
accumulated during the acceptance t e s t e ,  

These 

Acceptance Conditions. - Acceptance of th PS/TCA and i t s  
components, shall be predicated on maintenance of a l l  
parameters within the limits specified throughout all 
tests. 

PS/TCA Inspection M t e r  Tes t .  - Upon completion of the 
acceptance tests, the PS/TCA s h a l l  be subjected t o  a 
detailed inspection, 
an approved part s h a l l  be supplied t o  replace it, and a 
suitable penalty test.shal1 be conducted at the d i scRt ion  
of Gnumnan inspectors. 

If any par t  ie.found t o  be defective, 

Rejection and Retest. L Whenever, i n  the opinion of Gnumncln 
insmctors.  there is  evidence of insuff ic ient  thrust  or 
oth& malf;nctioning, or evidence tha t  the PS/TCA or 
component is not met ing  the specified requirements, the 
d i f f i cu l ty  shall  be investigated and its cause c o m c b d  . 
t o  the sat isfact ion of Gnunman inspectors ,be$@&s the test 
is continued, 
portion of the test in which the d i f f i cu l ty  vas encountered 
shall be repeated, The maximum retest shal l  consist  of B 
repet i t ion aP the test run8 outlined above, 

At t he  option o$ Grvmman inspectors, that 

, h i m u m  Running Time, 
rejected whenever the t o t a l  running t iw accumulated during 
the t e s t e  specified herein exceeds the tim allowed for in 

A = / E A  and components s h a l l  be 
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4.4.4.3.6 

4.4.5 

4.4 .$ .I 

(Continued) 

the acceptance test  plan. Components from rejected PS/TCA 
may be reused if such i t e m s  can be reconditioned t o  met; 
the requiren-ents for  new parts .  
s h a l l  be furnished f u l l  par t iculars  of prevlous PS/TCA and 
component re ject ion when such items are resubmitted for 
inspection. 

The Grumman inspector 

FELIABILI!FY ASSURANCE 

General. - A s  an integral  par t  of the t e s t  developmnt 
program l i s t e d  i n  paragraph 4.1, the vendor s h a l l  demon- 
s t r a t e  t h a t  the minimum r e l i a b i l i t y  assurance requirements 
of 4.4.5.2 have been met or exceeded. 
t o  r e l i a b i l i t y  assurance shall f u l f i l l  the following 
requirements: 

(a) 

Tesrts applicable 

The test nhall  be conducted on f l i g h t  weight (prow 
totype) hwdware. 

(b) The t e s t  htwdware sha l l  be subjected t o  one mission 
simulation a t  the c r i t i c a l  r e l i a b i l i t y  boundary 
conditions of 4.4 5.2 with hardware operating or 
non-operating as applicable. 

(c) The test hardware shall  be stressed t o  fa i lure  
under selected c r i t i c a l  environments 

The r e l i a b i l i t y  assurance demonstrated during the Develop- 
w n t  Tests shall be suppoi*ted by the additional results 
obtained from the Component Qualification Tests and the 
Design Verification Tests 

Rel iab i l i ty  Assurance Requirements. - S t a t i s t i c a l  analysis 
of the resu l t s  of a stress-to-failure t e s t  (see Appendix 1, 
Section E of' LVR-310) s h a l l  show tha t  the probability of 
occurrence of a fa i lure  a t  levels of severity less than 
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SPEelFleATlON 

4.4.5.2 ( Continued) 

the c r i t i c a l  environmental, dynamic, or operation condi- 
t ions established by the Rel iab i l i ty  Boundary i s  no more 
than 5%. 
confidence of 90%. 

This statement shall be made with a s t a t i s t i c a l  

(a) Rel iabi l i ty  Boundary - The Rel iab i l i ty  Boundary may 
be established i n  two ways: 

(1) From Available Empirical Data - Where re l iab le  
date is available which can be applied t o  the 
I X M  Mission, the Rel iab i l i ty  Boundary shall be 
e stab l ished as tha t  leve 1 of environmental, 
dynamic, o r  operational severity f o r  which the 
probabili ty of occurrence of a more severe 
environment i n  the ac tua l  mission is  no more 
than l$. 

(2)  By Sound Engineering Judgment - When no 
acceptable empirical data i s  available, ‘the 
Rel iab i l i ty  Boundary w i l l  be s e t  a t  1.15 times 
the maximum mission design conditions for  
dynamic loads. The Rel iabi l i ty  Boundary for  
conditions of temperature, vacuum, and associated 
space environments shall be established on the 
basis of engineering judgment containing similar 
margins. The Rel iab i l i ty  Boundary should be 
representative of the mission prof i le  so tha t  
the predicted f a i lu re  mode i n  the stress-to- 
f a i lu re  portion of the t e s t  w i l l  be uncovered. 

4.4.5.2.1 Rel iab i l i ty  Assurance of PS/TCA Components. - As an in tegra l  
par t  of the development test  program, PS/TCA components 
such as valves, tanks, etc.  (except the thrus t  chamber), 
shall demonstrate compliance with 4.4.5.1. Rel iab i l i ty  
Boundary conditions shall take in to  account the environ- 
ments and dynamic conditions t o  which the PS/TCA will be 
exposed i n  the pre-launch, launch, translunar and lunar 
phase of the LE51 mission. Stress- to-fai lure  tests shall 
commence after subjecting the PS/TCA t o  one mission simu- 
la t ion  at Rel iab i l i ty  Boundary conditions. Operating 
time or  number of cycles shall not be overlooked as a 
possible c r i t e r ion  variable. 
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4.4.5.2.1 ( continued) 

(a) Rel iabi l i ty  Hardwarre Uti l izat ion - Reliabi l i ty  
Assurance Tests shall be run on f l i g h t  weight 
hardware. The quantity of hardware required t o  
estimate Rel iabi l i ty  Assurance shall be proposed 
by the vendor. However, i n  preparing the hardware 
u t i l i za t ion  program, the vendor shall consider 
t ha t  be careful  planning, these requirements can 
be met i n  the normal fulfi l lment of  the component 
development tes t  programs. The following factors 
s h a l l  be considered i n  proposing the number and 
nature of  t es t s :  

(1) I n  the s t ress- to-fai lure  t e s t ,  seven occur- 
rences of  the same failure mode for  each t e s t  
component type or a t o t a l  of ten  fa i lures  of 
the component s h a l l  be sufficient for  analysis. 

(2)  If the  fa i lure  mode anticipated during these 
t e s t s  is not destructive, a minimum of two 
components shall be tes ted t o  sa t i s fy  4.4.5.2. 

4.4.5.2.2 Rel iabi l i ty  AssWance of Thrust Chamber Assembly (TCA). - 
The Rel iabi l i ty  Assurance of the TCA shall be demonstrated 
i n  accordance with paragraph 4.4.5.2 as an in tegra l  par t  of 
the TCS development program. 
minimum of seven ( f l i gh t  weight) TCS f i r i n g  tests at  
a l t i tude  which duplicate the most severe combination of 
operating conditions e q e c t e d  during the actual  mission. 
These are not necessarily additional hardware requirements, 
but may, where pract ical ,  be extensions or modifications of 
development o r  qualification t e s t s  already planned for  other 
purposes. 
environmental arid dynamic conditions t o  which the TCA W i l l  
be exposed i n  the pre-launch, launch and translunar pham 
of the I;EM mission. A simulation of these conditions shall 
be imposed on each of the designated engines pr ior  t o  i t s  
f i r i n g  test. 

The vendor shall provide a 

These tests shall a lso take in to  account the  
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As a hiinimum, the re l iab i l i ty  assurance of the E A  a8 ger 
paragraph 4.4.5.2, shall be assessed from the rcjWl.ts af 
the above tests,  with additional substantiation frm the 
resul ts  of the applicable portions of the thrust’ chamber 
qualification test program. 

4.4.5.2.3 Reliabil i ty Assurance of PS/TCA. (I. The re l iab i l i ty  assurance . 
*of the PS/TCA shall be assessed fromthose porbions of the 
PS/TCA development tests which titre applicable 40 r e l i ab i l i t y  
assurance plus the successful completion of the design 
verification test e 

Analysis of Resulte, .I, !!!he Weibull analysis technique is‘ 
the procedure recommended for ap l ication t o  the reeults 
of the stress-teat-to-failure. P Reference 2 paragraph 
7*1.9’3 of Appendix I of Section E of.LVR-310-2.) 

4.4.5.2.4 
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5. PREPARATION FOR DEZIVERY 

General. - The subcontractor shal l  develop methods of 
preservation, packaging and packing for  the equipment 
which w i l l  provide adeqmte protection against corrosion, 
contamination, physical damage from shock and vibration 
and other shipping hazards encountered during handling 
and transport t o  the  contractor's faci l i ty ,  and during 
subsequent2indoor storage, 
t o  fac i l i t a te  handling, inspection and warehowsing of 
the equipment 

Packaging sha l l  be designed 

5 Reliabilitx. - The required high re l iab i l i ty  of the 
equipment makes it mandatory that  there be no degradation 
of re l iab i l i ty  as a consequence of handling, transport 
and storage. 
supplier shall. provide laboratory o r  f ie ld  t e s t  data, 
service use dsta or suitable analytical data t o  verify 
the adequacy 0.f the packaging materials and methods used. 

In  demonstration of th i s  requirement, the 

5.3 Marking of Shipments. Interior and exterior containers 
shal l  be durably and legibly marked such that  the markings 
s h a l l  provide the following information: 

Item Name 

Contractor's Control No, 

Stock NO* 

Contractor's Order No. 

Manuf acturqr 

Manufacturer's Serial  No, 

Date of Manufacture 

EDP Sheet No.- 



NOTES 

Definitions. - 
Assembly, &rust Chamber. - The thrust  chauiber assembly 
(%A) is  composed of the thrust chamber, nozzle, injector, 
propellant valves', mounting provisions, and anq other 
directly associated par ts .  

Chamber, Combustion. - The combustion chamber is the 
enclosed volume between the injector face and the throat 
of the nozzle, 

Conditions, Standard. - Standard conditions are the values 
of air temperature and pressure given In NACA Technical 
Report No, 218, The standard humidity, for  the purpose 
of t h i s  specification, i s  zero vapor pressure at.aU 
alti tudes 

Cutoff, - Cutoff i s  the time of propellant flcy cessation 
through &e t h r u s t  chamber propellant shutoff valve( 8 )  e 

Duration. - The duration is the t o t a l  f i r ing  time of one 
'operat io& cycle (seconds) 6 

Impulse, Effective, - Effective impulse is  .the area under 
t h e  thrust-time curve between the two 90-percent-of- rated 
thrust points . 
Impulse, Effective Specific. The effective specific 
impulse i s  the effective impulse divided by the to t& 
weight o f  propellant ( s) consumed. 

Impulse, Instantaneous Specific; ., The instantaneous 
specific impulse (I,) is the thrust  produced, i n  pounds, 
divided by the t o t a l  propellant consumption ra te  i n  
pounds per second. 

I 

Impulse, Mean Specific, .. The mean specific isrrpulse is 
the t o t a l  impulse divided by the to t a l  weight of pro- 
pellant ( 8 )  consumed * 

En#-Z?OC 
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6.1 .io Impulse (Minimum Bit), - The smallest possible repeat-, 
able total impulse bit, 

Impulse, Total. - The area under the thrust-time cwwr. 

6.1 '32 Interchangeable Parts, - Those parts which can be 
directly substituted for one another (both physically 
and functionally) by use of standard tools without 
cutting, fitting, o r  adjusting are interchangeable 

6 , x . r ~  Model Classification, - 
Breadboard Model - This is an assembly of pre-, . 
liminary components to provide the feasibility 
of the system, or principle in rough form without 
regard to the eventual overall design or form of 
parts * 

Development Model 
meet the 'performance requirements of the specifl- 
cation and to establish technical requirements for 
production equipment, This model employs approved 
parts or their interchangeable equivalents. 
may be used to demonstrate the reproducibility of' 
the equipment 

This is a model designed to 

It 

Prototype Model (Preproduction) - This is a 
model suitable for complete evaluation of 
mechanical and electrical form, design, and 
performance, It is of final mechanical and 
electrical fora, employs approved parts, and 
is completely representative of final equip- 
writ. An equivalent of prototype is pre- 
qualification or design frozen hardware, 
totype hardware need not have been manufactured 
with production tooling. 

Pro- 

Production Model - This is an equipment in its 
final mechanical and electrical form, employs 
approved parts) and is completely representative 
of final equipment, Schedule permitting, qu&lifi- 
cation testa should be run on production model 
equipment a 

Eng-070C EDP Sheet No.- 



6S.14 Operation, Continuous. - Duration greater than one 
second 

6.1.15 Operation, Pulse Mode, - Duration less than one 
second. 

6.1.&6 Points, 90 Percent of Rated Thrust. - The 9 per- 
cent-of-rated thrust points are the time points during 
thrust increase and decrease between which the thrust 
I s  stabilized at greater than 90 percent of rated 
value . 

6*1.17 Pressure, Chamber Design, - The maximum expected pressure 
in the chamber during operation. 

6.1 ,18 Pressure, Effective Chamber. .I The effective chartiber 
pressure is the area under the chamber pressure-time 
curve between the two 90 percent-of-rated thrust 
points divided by the time interval between these 
points . 

6.1 e19 Pressure, Mean Chamber, - The mean chamber pressure 
is the area under the chamber pressure-time curve 
divided by the duration. 

6.1.20 Pressure, Maximum Expected Operating. - The maximum 
eaected operating pressure is the highest pressure 
that will appear in the PS/WA. 
determined from test observations. 

This value is 

6,1*21 Pressure, Proof. - At proof pressure there shall be no 
permanent deformation of the item or total deformation 
adversely affecting PS/TCA operation,l or permanent set. 
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6,122 Pressure, Ultimate. - A t  ultimate pressure, there sha l l  
be no s t ructural  f a i lu re  of the i t e m .  

6 . ~ 2 3  Propellant, Referee. - A propellant incorporating the  
most adverse constituents of t he  specification propellant 
or  which specifies propellant constituents after a 2-year 
storage period. 

Ratio, Mean Mixture, L The mean mixture r a t i o  (Wo/W,) i s  
the t o t d  weight of oxidizer consumed divided by the t o t a l  
w e i g h t  of fue l  consumed, 

6.1.24 

6.1.25 Replaceable Parts.  * Replaceable par ts  are those p w t s  
tha t  meet a l l  the  requirements of interchangeable par t s  
except t h a t  cut t ing or unbrazing of f i t t i n g s  f o r  
removal is allowed, 

6 . ~ 2 6  Thrust. - Thrust (F)  is the reactive force of the  rocket 
engine during operation. 

Thrust, Eff'ectiyeD - The effect ive t h r u s t  i B  the effect ive 
impulse divided Fy t h e  t i m e  in terval  between the  two 90 
percent-of-rated thrus t  points, 

6.1.27 

6.1.28 Thrust, Mean. - The mean th rus t  I s  the t o t a l  impulse 
divided by the duration. 

E n g - m C  EDP Sheet No.- 
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" 6.2 f&jnbolp. Symbols used i n  thia  specification WEI 
defined as follows: 

Qllantitx 

Exit Area 

Throat Area 

Chamber inner surface area 

Thrust coefflcient F 

Cycles per second 
Pc A e 

Characteristic velocity 

Double aJnglitude of vibration 

Ekrth gravity 

Inches 

Xnstantmeous spacif i c  Impulse 

llotal impulse 

Characteristic length 

Minutes 

Load factor 

Absolute pressure 

Chamber pressure, absolute 

Instantaneous mixture ratio, Wo/bf 

unit 
-.L.ll. 

in2 

in* 

' .  
in2 

Nondim ns ional 

ft/sec 

l b  
2 32.2 Tt/secl 

Ib/lb/sec 

l b  sec 

i n  

Eng-570C EDP Sheet No.- 



6;2 (Continued) 

Synibol Quantite 

T Absblute temperature 

Combust ion chamber volume VC 

W Weight of fluid 

*f Weight of fuel 

6.3 

WO Weight of oxidizer 

W Fluid flow rate 

Wf Fuel flow rate 

WO Oxidizer f l a w  rate 

3 Efficiency 

Subscripts, c 

SyIl ibOl 

al 

C 

d 

e 

P 

fr 

F 

i 

Unit 

Rankine 

- 

in3 

lbs  

l b  

lb 

lb/sec 

lb/sec 

lb/sec 

percent 

Quant it;r 

e3titude 

chamber 

discharge 

exhaust nozzlei ex i t  

fie1 

friction 

thrust 

inlet 
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6 *3 (Continued) 

Symbol 

m 

0 

P 

8) sP 

sl 

st 

vP 

w 

z 

Quantity 

mixture 

oxidizer 

pressure 

epecif i c  

standard sea level 

s t a t i c  

vapor pres sure 

w a l l ;  surface 

height 

Eng-270C 
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TABLE 1 

GENERAL REQUIFBMEXTS AND PERF'OlilMANCE RATINGS (VACUUM) 

General Requirements 

Number of t h r u s t  chambers required 

Thrust chamber type , 

Thmzst chamber arrangement 

Oxidlz e r 

Fuel 

System to ta l  propellant 

Nuniber of tanks and pressure 

Nominal Performance Ratings (Vacuum) 

Thrust per chamber 

Thrust chamber pressure 

Nozzle area ratio,  h / A t  

Propellant Mlxture ra t io  (by O/F weight) 

Mlnirmun impulse 

Thrust chamber operatink l i f e  

16 

Radiation cooled 

4 clusters of 4 each 

Nitrogen tetroxide 

5% hydrazine + 5% UDMH 

500 lbs,  (nominal) 

2 oxidizer a t  181 + 2 psia 
nominal 

2 fuel a t  181 - + 4 psla, nominal. 

100 lbs,  .- + 5$ 

40 

(5 lb .  sec. ,l lb.  sec. 

(a) 

(b) 

500 seconds of continuous thrust duration plus 

500 seconds of accumulated on time during pulse mode operating 
consisting of: 

* To be determined by vendor 

En#-OlOC EDP Sheet No.- 
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TABLE I (Cont * )  

(b) (1) ,025 see. e lectr ical  pulse width at 25 cps for 400 seconds 

(2) Nl.nimUm impulse at .25 cps f o r  remainder of t i m e ,  %. I 

Star t  transient t o  go’$ rated thrust  
(measbed from in i t ia t ion  of a 28 volt 
step input) 

Decay transient t o  5$ rated thrust 
(measured from termination of voltage 
input 1 
Specific impulse (continuous 
operat ion) 

Specific immse (pas ing  mode 
operat ion) 

See Figure 4 
\, 

See Figure 4 

300 sees. 

See Figure 5 

Eng-210C EDP Sheet No.- 



TABLE I1 

ENVTROITMEXJTAL AND LOAD CONDITXONS 

The follazing conditions apply t o  tanks (T), components (C) and/or thrust 
chamber clusters  ("quads") (Q) * 

NOTES: 1. Factors of' safety are not included i n  these levels. See - 
paragraph 3.3 .l .14 

2. A l l  accelerations are i n  "earth g's". Multiply by ear th  
weight o r  use 32 -2 ft /sec2 as appropriate. 

( a) Pre -Launch 

Temperature T, C, Q 

Acceleration T, C, Q 

Shock .. T, C.v Q 

Packaged 

Unpackaged 

Vibration 

-65' t o  +160O~ 

2.67g ver t ica l  with 1.Og l a t e r a l  

Transporation, handling and storage 
i n  shipping container sha l l  not pro- 
duce c r i t i c a l  design loads on the T, 
C, Q and s h a l l  not increase the weight 
of the T, C, Q. 

l5g peak sawtooth shock pulse as 
specified i n  Table V I .  

The following vibration leve ls  are 
specified during transportation, 
handling, and storage. Vibration s h a l l  
be applied along three mutually per- 
pendicular axes applied t o  container 
(sweep at  112 octave/minute) . 

Less than 50 lb. t o  
cps 50 lbs.  1000 lbs  . 

5-27.5 CPS + 1.23 g + 1.0 g 
27-5-52 CPS T033DA a y0277DA 
52-500 CPS - + 4.61 g - + 3.84 g 

Eng-ZlBC EQP Sheet No.- 
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( a )  be-Launch (Continued) 

Rain 

salt Fog 

Humidity 

El6 otromagnet i c  
Interference 

Sand and Dust 

Ozone 

Ekplosion 

Ekessuxe 

(b) *hunch and Boost 

Temperature 

Vibration 

lcAE3LE I1 (Continued) 

:. Ran4om VibSation IC, C, Q 

95$ Re1a;ti-w Hunh;tai%y includirig.'conden- 
sat ion ' in  a temperahwe range of 00 t o  
l6OOF 

In  accorddnca w&bh MTLeSTDr81Clt 

I n  accordance with ~ - S ! W , 8 1 . Q ,  
Msthod 508, 

Exposure with 0.05 parts/rnillion con- 
centration 

Method 5104 

I n  aocordance with MIL-STD-810, 
Method' 511 

0 t o  50,000 f%, alt i tude atmospheric 
pressure ccwrespondSng t o  

-65' t o  +160(?l? 
+400 t o  +lo03 

Sinusoidal vibration shall be supTimposed 
on the random vibration 

Random vibration shall be 17 mins along 
each of the three mutually perpendicular 
&XRS W i t h  X, y a d z e .  

EDP Sheet No. - 
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TABU3 I1 (Continued) 

(b) Launch and Boost (Continued) 

Random Vibration (Continued) 

Binusoidal 
Wbr at ion 

Acousf Sce 

2 15 t o  100 cps 15nea~ increase ,00633 cps 

100 t o  1000 cps - constant .0355g /cps 
1000 t3 2000 cps l ine 

A sinusoidal vibrat;ion ahall be super- 
imposed sweeping logazithmically from ’ 
5 t o  2000 cps i n  6 minutes for  each of 
the mutually perpendicular axes x )  y 

t o  0355g2/cps 2 

f? .o355g b P S  to *0089g bPS, 
decrease 

a d  Z. 

5 t o  10 cps 
10 t o  18 cps 
18 t o  56 CPS 
76 t o  2000 cps 

Fctave Band (A 
9 t o  18.8 

18.8 t o  37.5 
37.5 to 75 

75 t o  150 
150 t o  300 
300 t o  600 
600 t o  1200 

1200 t o  2400 
2400 t o  4800 
4800 t o  9600 

Overall 

NOTE: Environment may be (a) or (b) ,‘but 
not both together, 

_I 
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 TAB^ 11 (Continued) 

(b) Launch and Boost (Continued) 

m a t  ion 

Electromagnetic 
Snterference 

Humidity 

Sand and dust 

Altitude 

Ejcplosion 

Acceleration 

Meteoroids 

( 0 )  Space Flight 

Temperature* 

Electromagnetic 
Interference 

Pxessure 
:' .' Altitude 

See paragraph 3.541, 

Same as pre-launch 
I 

Sane as pre-launch 

Same as pre-launch 

Sea level  t o  1 x 10-l' mi .Hge 

Barn m pre-launch 

c x Lateral - Pitch 
Boost cond ( a )  5.64 3.4 + 2.2 sad/ - H  Bec 

Boost cond (b) -L&g - L 

saw &is Space Flight 

40% to 100% 
Solar Flux '. 440 BW/f%.%r. 
Space *) 460% 

Same. as pre-launch 

1 x looL4 mm Hg, uncontrolled vacuum 

* !l?emperature due t o  conibined e m s u r e  of solar flux an& space 
shall be determined by Vendor. 
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(e )  Space Fl ight  (Continued) 

lvle teoro ids  Q 

Radiation Source T, C, Q 

2ABlZ If (Continued) 

Explosion 1 

AcceXerst ion 
(Condition) 

Vibration T, C, Q 

Random 2, C, Q 
Vibration 

Sinusoidal 
Vibration 

Flu considerations s h a l l  be based upon 
Whipple ‘s dist r ibut ion of sporadic 
meteoroids i n  accordance wlth Table VI1 

See paragraph 3 5 1, 

To be determined. 

Same as pre4ttunchi 

Sinusoidal vibration shall be superimposed 
on the random vibration, 

Random vibration s h a l l  be 6 mins. for 
each of three mutually perpendiculax 
axes x, y and Z. 

5 t o  LOO cps linear increase ,00415g2/cps 
t o  e 0237g2/cps 
100 t o  200 cps constant .0237g*/cps 
200 t o  2000 c s lineax decrease .0237g2/ 
cps t o  .0089g 3 /cps 

A sinusoidal vibration sha l l  be s u p r -  
imposed sweeping logarithmically fkom 
5 t o  8000 cps i n  2 minutes for each of 
the three mutually per-pendiculax axe~.  

5 t o  300 cps lineax increase ,0924g t o  
1.925g 
300 t o  1000 cps constant 1,925g 
1000 t o  2000 cps constant 1.54g 



are : 
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TABLE I1 (Continued) 

(d) Lunar Excursion (including ascent and descent) 

Pemgerature* Q External solar f lux 440 BW/hr-f’t* 
Q Lunaz surface - -3009 t o  +250ap’ 
Q Space * J+60°F 

I”, CL Internal AoOS t o  100% 

Electromagnet i e  
Interference TI 6, Q same as pre-launch 

Pressure Altitude Tj C, Q 1 x 10-12m Hg 

Meteoroids Q Flux considerations shal l  be based 
I ’  

upon Whipplets distribution of 
sporadic meteoroids in accordance 
w i t h  Table W I L  

Radiation 
Souxce Ta C, Q see prtragraph 3.5.1 

‘Awe lerat ions T, C J  Q ‘ X  Lateral Pitch 
Condition Descent, e , 1,log ,16g .667 rad/sec2 
Condition Ascent e . a 1.208; 06g 2.00 rad/sec 

date ) 

$book TI C* Q Approx, 8g peak, any axis for, lO t o  
20 m8 ( to  be supplied at a later 

Vibration 

RElnaom 
Vibration 

Sinusoidal vibration shall be super- 
imposed on the zandom vibration 

(due t o  engine) % 

Random vibration shall be 11 e 5 mi- e 

fo r  each of the  three mutually per- 
pendiculm -8 X j  yj & !& 

5 t o  100 cps linear increase 
.0051g2/~p~ t a  .0485@;2/cps 

%e thrust chamber teqera ture  caused by exposure t o  expected combinations 
of thwe environments including the efTect of heating cawed by the plum 
during bscent ,  hover and ascent shall  be determinedr 



TAl3m If (Continued) 

(d)  (Continued) 

100 t o  550 cps constant ,0415g2/cps 

Sinusoidal 
Vibration 

550 t o  2000 cps linear decrease . 
.0415@?/cps t o  .0296g2/cps 

(due t o  engine) 
A sinusoidal vibration shall be SUFI 
imposed sweeping logarithmically 
from 5 t o  2000 cps i n  4 minutes for  
each of the three mutually perpen- 
diculax axe6 x, y, & z 

5 t o  400 cps l i n e a  increase ,123 t o  
5 e 39g 
400 t o  2000 cps constant 5 . 3 9 ~  

Vibration due to,operatf,on of the PS/TCA t o  be supplied by the vendor 
(Tr C, Q). 

Ozone To be determined, 

Sane as pre-launch: . Fxplosion T, c, Q 

Sand and Dust Q To be supplied by Grumman 

EngJ7BC 
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ACCEPJ%T!JCE TEST CONMTIONS 

To be supplied a t  a la ter  date 
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TABLE Ix 

WEIGHTS FOR THE PROPEWLANT SYS!l?EM AND THRUST CHAMBEX? ASSEMBLIES 

Item 

Propellant Tanks( 4) 

Plunibing. 

- 

Fuel System Valves and Lines .I 6*9 
Oxidizer System Valves and Lines - 6*9 
.Thruster Isolation Valves - 16.0 

Thrust Chasiber Cluster Assembly (4) 
(16 lb/ass 'y) 

Total  128.6 lbs. 

Weight 

34.8 lbs. 

29.8 lbs .  

64.0 lbs, 
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